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Abstract 

The analysis of B — > J/tpK^ (1430) decay mode is complicated by the fact that close to the 
J PC = 2++ meson A"| (1430), there lie other J PC = 1~ and J PC = 0++ resonances, .RT*(1410) and 
-K"o(1430) respectively. We show how an angular analysis can be used to isolate the contributions 
from the different resonances and partial waves contributing to the final state B — > J/tp Kx , where 
Kx could be any of the resonance ^(1430), i^*(1410) or ETq(1430). For this purpose we study 
the time integrated differential decay rate. We also construct a time dependent angular asymmetry 
that enables a clean measurement of the mixing phase f3 in the mode B — > J/-^i^|(1430) alone, 
without contributions from the decay modes B — » J/tp Kq(1A30) or B — > J/ip K* (1410). 
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I. INTRODUCTION 



The large numbers of B mesons produced at the B-factories have resulted in an accurate 
measurement [1] of the B® — B% mixing phase refereed to as (3 (also called 0i). This mea- 
surement is done primarily using the golden mode B — > J/ipK s , but is now being done for a 
variety of other channels. In principle, /3(4>i) can be measured just as cleanly using any mode 
that involves the same quark level process b — > ccs. These include modes that involve exci- 
tations of the K meson such as B -> J/0 1^(892), B -> J/0 ifj (1430), 5 -> J/0 X* (1410), 
5 — > J/0 1*0? (1430), etc., or modes involving various excitations of the cc mesons such as 
B -> J/0 % etc., or even a combination of any of these states. 

The study presented in this paper is inspired by the recent observation of the decays 
B -> J/0 .££(1430), where X = 0, 2 [2-4]. There exist two mesons, a tensor meson #£(1430) 
and a scalar meson ^(1430) at the same mass of 1430 MeV. One is not only interested in 
obtaining the B^ — B® mixing phase precisely, but also in measuring the branching ratios 
for the various decay modes. The branching ratio for B — > J/ipK* has been measured 
and it is well known that f3{4>i) can also De measured using this decay mode[5]; the only 
complication is the need for an angular analysis to separate the contributions from the CP- 
even and CP-odd partial waves. However, modes such as B — > J/0 K|( 1430) require much 
more effort. The additional complication arises due to the presence of scalar and vector 
meson resonances _K"q(1430) and if* (1410) that overlap with the tensor meson 1^(1430). 
Since, the decay modes B -> J/0 if *( 1430), B -> J/0if*(141O) and B -> J/^i\" 2 *(1430) 
contribute to the same final state B — > Ktt£ + £~, contributions from the various decay 
channels cannot be separated by cuts on the kinematics. The purpose of the paper is to 
show how the contributions from various resonances and partial waves can be isolated, not 
only to measure the branching ratios but also to study the time dependent decay to the mode 
B — > J/0 K\ (1430), leading to a measurement of sin 2/3. The study performed here finds 
immediate application in the analysis of data collected by BaBar and Belle collaborations 
at the B factories running at SLAC (U.S.A.) and KEK (Japan) respectively [5]. 

In section II we write out the most general effective matrix element using Lorentz in- 
variance and current conservation, for the decay channels B — > J/ipS, B — > J/ipV and 
B — > J/ipT, where S, V and T are scalar (J p = + ), vector (J p = l - ) and tensor (J p = 2 + ) 
mesons respectively. Our calculations are general enough in formalism to include any scalar, 
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vector or tensor meson, in addition to 7^(1430) and Xi(1410), as long as they decay into 
modes identical to the modes into which i^(1430) is reconstructed. The 7^(1430) and 
i^i(1410) are considered to decay to Kn and J/0 to £ + £~ . In section III we primarily inves- 
tigate the decay spectrum for the final state Kn£ + £~ assuming that the Kn arise from the 
decay of either S, V or T. We study the angular distribution of the K in the Kn center of 
mass (cm.) frame and £~ in the £ + £~ cm. frame. We also study the correlation between the 
Kn decay plane and the £ + £~ decay plane in the B rest frame. We explicitly demonstrate 
how one can isolate the contributions to the different final states as well to CP even and 
CP odd partial waves, thereby allowing the measurement of (3{<pi). We conclude in Sec. IV. 

II. MATRIX ELEMENT 

We consider exclusive two body decays of a B meson into states involving the J/0 or its 
excitations (all these states will be generically referred to as J/0)- In particular, we restrict 
ourselves to the decays B — > JfyS, B — > J/ipV and B — > J/07 1 , where S, V and T are 
scalar (J p = + ), vector (J p = 1~) and tensor (J p = 2 + ) mesons respectively. We assume 
that each of the resonances S, V and T decay into Kn, and that J/0 is reconstructed in the 
£ + £~ decay mode. Hence each of the three decay channels results in the same decay process 
B — > Kn£ + £~, allowing for interference between the three channels. This decay involving 
a 4 body final state, can be described in terms of 5 variables se, sk, Oe, 9k and 0. The 
kinematical variables si and sk are the invariant mass squared of the lepton pairs(£ + £~) and 
the Kn pairs respectively (it is assumed that the £ + £~ momentum is along the +z axis), Qi 
is the angle of £~ in the £ + £~ cm. system with the z-axis, 9k is the angle of K in the Kn 
cm. system with the z-axis, and is the angle between the normals to the planes defined 
by momenta of £ + £~ and Kn, in the B rest frame[6]. The 4-momenta of S (or V or T) is 
assumed to be k and that of the J/0 to be q. The K, n, £~ and £ + are defined to have the 
4-momenta k 1: fc 2 , q\ and q 2 respectively. We further define K^ = — k% and = gf — q% 
and note that Si = q 2 and Sk = k 2 . 

Let us first consider the decay B — > J/ipS. The most general amplitude for this decay 
mode may be written using Lorentz invariance as: 

A(B^J/^(q)S(k))=ak^ , (1) 
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where e}^ is the polarization 4- vector of the J/0 , q and k are the 4-momentum of the J/0 
and 5* respectively, and a is Lorentz scalar. The subsequent decay of the scalar S into two 
pseudoscalars, i.e. S — > Kir, will only result in the multiplication of the above amplitude 
by an arbitrary function of k\.k2- Therefore, the amplitude for the process B — > J/0 S — > 
J/ip(Kn)s may be written as: 

As = A(B - J/0(Xtt) 5 ) oc afe M (fe2 _^ |+ . e) 6^ , (2) 

where, the subscript S in (i^7r)s indicates that the Kit state results from the decay of S. 
The amplitude fori? — > J/0 5 consists of P wave only . 

The amplitude for B — > J/0V may similarly be written as, 

- J/0 (g)F(A;)) oc (6^ + ^= k ^ + W^V)<^y , (3) 

The subsequent decay of the vector V into i^7r can itself be obtained using the same approach 
to have the form K^ey. Hence, the amplitude for B — > J/ipV — > J/ip(Kn)v may be written 
as [7, 8]: 

c d 



(bg^ + —^=k tl q l/ + i—^=e lxva pk a q 13 ) 
(k 2 -M v + ie) 



Av = A(B^mK«) v )<x ^ * ^ C ^, (4) 



where, 

Ee^e£ = 0"" = + *gr. We clearly see that the amplitude B — > J/0V consists of 
three partial waves - S, P and JJ . 

Once again the amplitude for 5 — > J/0T may be may written as: 

A T oc ( 1. — q P g pv + ~^k^q p q v + i— ^e MpQ/3 ^/c a /)e^e^ p , (5) 

where is the polarization of tensor meson. In writing Eq.5, we used the symmetry of 
e T l ' p and retain only terms that contribute. The amplitude for the subsequent decay of the 
tensor T into Ktt must be of the form e T a (k\k a + k a K\ — k\K a — K\K a ). Therefore, the 
amplitude for B — > J/0T — > J/ip(Kir) T may be written as: 



-At oc ( gpgfti/H k p q p q v + i e waf3 q u k a q p 

K ^/SiS K s e s K s e s K 

Qu P Xa 



-{k x K + k a K\ - k x K a - K x K a )e*j% , (6) 



4 



where Se^ P 4 CT = Q upXa = \(6 Xu 6 a P+6 au 6 x P)-\6 Xa 6 u P[% From 6, The amplitude P -> J/^T 
consists of three waves -P, P and P waves; The form factors ,e and /, are the mixture of P 
and F partial waves and the form factor, g, is related to the CP-odd, D partial wave. It is 
shown in III that all these partial waves can be extracted . 

We next incorporate the decay of J/ip — > £ + £~ which is common to all the three decay 
channels. The amplitude for J/ip — > l + £~is: 

A(J/V» -> oc c^(«(?i)7^«(ft)) • (7) 

Hence, the full decay process P — > i^(/ci)7r(/c 2 )^ _ (5 , i)^ + (5 , 2) m ay be described by the matrix 
element 



Crp ct „ / — 9 H 



where P M is the hadronic part of the matrix element and is the sum of individual contri- 
butions from the scalar, vector and tensor mesons. P M as derived above, depends on 7 
independent form factors and is given by, 

H " K ak "(k*-M$ + ie) 

c d 
(bg^ + k^q u + i—==e llva pk a <r) 

, 

(jfe2_ M 2 +ie ) 

+ ( , 6 gpgfw/ + -^—k^qpqv + i-^—e^pq^q 13 ) 

K y/StS K S £ S K S e S K ' 

C\vp\a 

——{k x K + /Co-i^A - k\K a - K\Kp) , (9) 

/C IVlrp -\- Id 

In what follows we assume that the mass of scalar, vector and tensor particles are approxi- 
mately equal i.e. Ms ~ My ~ My = M and define new form factors A, P, C, D, E, P, G 

1 H 
so as to absorb the factor — — — — = -. Defining, H' = 



we have, 



{k 2_ M 2 +ie){q 2_ M 2^ +ie) o, „ ? 2_ M 2^_ + - e 



p; = aa; m + (p^ + ^==K<i>> + i ^^ e ^ kaq ^ eupR p 

E F G 

+(—==q P gvu, H fc^gpSi/ + i epp^q^q 13 ) 

y/s e s K s e s K s e s K 

Q upX °{k x K + k a K\ - k x K a - K\K a ) , (10) 
The matrix element is finally expressed as: 

M = %^ H'Jt-gr* + ^-)(S(«i)7^((b)) • (11) 
y An q 
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Having obtained the matrix element for the process B — > K(ki)n(k2)i (<?iK + (<?2) it 
is straight forward to write the matrix element A4, for the conjugate process B — > 
K(k 1 )ir(k 2 )e-(q 1 )e + (q 2 ) as 

M = %^(-^' + Q -^)(u( qi )^v(Q2)) , (12) 
V An q 

where, H' = t— £ -. Where H ,. is the hadronic part of the matrix element for 

the conjugate process and is the sum of individual contributions from the scalar, vector and 
tensor mesons. H' depends on the same 7 independent form factors and using CPT may 
be expressed as, 

Hl = Ak^ + (Bg, u + -^=k,q u - i^ =e ^k a q p ) d vp K p 

E F G 

+ ( . q P g»v H k^q p q v - i z lipa pq v k a qp) 

^s e s K s e s K s e s K 

Q^{k x k a + k a K x - k x K a - K x K a ) . (13) 

The time dependent study of the process B — > K (k 1 )Tr(k 2 )i~ (qi)£ + (92) requires the knowl- 
edge of the matrix element for both the process and the conjugate process. We can thus 
study the complete time dependent angular decay of the process. However, in this section 
we will derive the time integrated decay rate and leave the time dependent study until Sec. 
IIIC. 

The modulas squared of the total matrix element after summing over lepton polarizations 

is 

\M? = ^H'^,L^\ (14) 
with the leptonic tensor L^' being given by 

Next we cast all the Lorentz scalars in terms of the kinematical variables. It is straight- 
forward to derive that [6, 10]: 

k-q = \{ m b - sk - s e ) = Xy/s e s K 
k.Q = Xcos0£ 
q.K = £q.k + [3X cos 6 K 
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K.Q = £k.Q + (3{k.q cos 9 K cos 0£ — ^/s^sk sin 9 K sin 9g cos (j>) 

e^ va(3 k> 1 K' / q a Q (S = -y/sts k (3X sin 9 K sin 6^ sin 

X = (A;.g 2 - S ^)V2 = ^(M 2 , **) (16) 

k.K = £s K 

q.Q = (17) 



where, 



l3 = (18) 

= (mi -Ma 

A(a,6,c) = a 2 + 6 2 + c 2 -2a6-26c-2ca (20) 

and we have set k\ = M K , k\ = M 2 . 

The matrix element modulas squared obtained in Eq. (14) may finally be written in terms 
of the kinematical variables sk, sg, 9k, 9e and as follows: 

G 2 a 2 

\M\ 2 = -^(/ o + /icos0 + / 2 cos20 + / 3 sin0 + / 4 sin20) , (21) 



where, 



f p = y^(a^„ cos m9i cos u9k + sin m9i sin u9k) • (22) 



We note that terms proportional to sin^ are also proportional to sin#x- It can be seen 
from Eq. (16) that none of the Lorentz scalars is proportional to just one of either sin#£ or 
sin 9k- Hence there can be no term odd in 9g and even in 9k or vice versa - only terms even 
in both 9g and 9 K or odd in both 9g and 9 K are possible. The form chosen for f p in Eq. (22) 
is thus easily understood. All the non vanishing co-efficients a v mn and \P mn are listed under 
Tables I- VI in the Appendix. Identical results were obtained using the helicity formalism 
[11]. 



III. SOLUTION OF THE FORM FACTORS AND ANALYSIS 

It was seen in Sec. II that angular analysis can be used to obtain coefficients a v mn and 
\? mn . We begin this section by demonstrating the explicit solutions that enable us to obtain 
both the magnitudes and phases of the form factors a, b, c, d, e, / and g. We show that 
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angular analysis for this mode will enable us to isolate the contributions from each of the 
partial- waves. We can thus separate the contributions of the partial waves into CP even and 
CP odd, allowing us to measure the mixing phase (5 without worrying about dilution from 
the wrong CP parity contributions. In this section we also consider both the time integrated 
differential decay rate and time dependent differential decay rate. We study various angular 
asymmetries and point out certain interesting features that the angular study should obey. 
We also construct a time dependent angular asymmetry that enables a clean measurement 
of the mixing phase (3 in the mode B — > J/0 if| (1430) alone without contributions from the 
decay modes B -> J/0 1^(1430) and B -> J/0 K* (1410). 

A. Solution of the form factors 

We note that the angular analysis allows one to measure a large number of coefficients 
a mn) ^mn- I n spite of several of these coefficient, being zero, there is still enough informa- 
tion to solve for both the magnitude and phase of all the form factors. In fact, the zero 
values act as constraints and are hence useful in experimental fits to the coefficients. We 
do not explicitly integrate over se and sk in our discussions, however, for the purpose of 
experimental analysis these variables may be integrated over, before extracting the form 
factors. In this subsection we present explicit solutions to the magnitudes and phases of 
the form factors, and thereby established that an angular analysis allows us to disentan- 
gle the contribution from each of the three resonances considered. To set up our notation 
we define A = \A\ exp(i0 j4 ), B = \B\ exp(i0 B ), C = \C\exp(i(f>c), D = \D\exp(i<fi D ), 
E = \E\ exp(i0 s ), F = \F\ exp(i(f) F ) and G = \G\ exp(i0 G ). Using the tables I- VI, it is 
straightforward to verify that \B\, \D\, \E\, \F\, \G\ are given in terms of experimentally 
obtainable coefficients by, 




(23) 



(24) 



E\ 2 



32 



(4<& -(<& + <&)) 



(25) 




F\ 2 



32 



{Ax 2 ag 4 — (x 2 + 3) a° 4 — (x 2 — l)a\ 



o 

04 



AxblA 



(26) 



P*s e s K (x* 
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—32 

i G i 2 - wi^A^Tr ^' +a « +a °' ) (27) 

Also, lm(BD*), Re(BE*), Re(DG*), lm(EG*), Re(FE*) and lm(FG*), can easily be written 
in terms of observables as: 

lm{EG '> = b%mLi)^ < < 28) 

64 

Im ^= ^S K ^-1)^ - 2X ^ (29) 

1m(BD*) = 8 -7==<2 (30) 

(3 2 s e s K ^{x 2 - 1) 

MFE*) = j L_ n2 (2&L + ^(«04 + O ~ (31) 

Re(CB * ) = ;3 3 s< ^tf -lyy? ^ 2 " + (a;2 + 3)a ° 3 + 4a;2a ^ + 4 *) (32) 
= ("8. + 4 - 4<4) (33) 

Re(-DG*) = ^— i.-^ tag, + a « t + 4 B?1 ) (34) 

We set 4>g — by convention. The phases 0s, <f)o, 4>e, 4>f can be obtained using lm(BD*), 
Re(BE*), Re(DG*), lm(EG*), Re(FE*) and lm(FG*), which have already been evaluated 
with respect to observables using, 

^-fe = co S -(5^|l) (35) 

^-^^-.(^g)) (36) 

*'-*" = sto " I (^) < 37 > 
fe-fe = co S -(M||p) (38) 

fe _^ = 00,-1 (5jgg>) (39) 

Note that ambiguities in the solution are somewhat reduced due to the constraints already 
obtained in the above equations. The resolution of ambiguities is not discussed in detail 
here. However, it may be envisaged that the approach used by the BaBar collaboration 
[11] can also be applied here to completely remove ambiguities in the present study. The 
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remaining form factors can also be solved as follows: 

MCE*) = 1 ( - 32a° 3 - V^1P 3 (2x(x 2 - l)Re(£F*) + 

a; (or — l)^ v 

(2x 2 + l)Re(BE*) + (x 2 - l)(2(x 2 - l)Re(CT>*) + RepG*)))^^) (41) 



Having obtained the value of \B\, \D\, \E\, \F\, \G\, 0b, 0_d, 4>e, 4>f and 0g, Re(BE*) = 
\B\\E\ cos(0 s — 4> E ) and Re(BF*) = \B\\F\ cos(0 B — <p F ) are in fact, also obtained in terms 
of observables. On putting these values in Eq. (41), Re(CE*) is evaluated in terms of 
observables. 0c and |C| can now be solved for using Eqs. (32) and (41), to give, 

, • -1 ( COS0g -??COS0 D \ 

0c = sin (42) 
Yl + r72-2r7cos(0 D -0 £ ) / 

|C| " |£|cos(0 c -0 D ) (43) 

where, 

\D\Re(CE*) 
V ~ \E\Re{CD*) 

Using a similar procedure one can also solve for the only remaining quantities (ft a and \A\. 
We have, 

Re(AE*) = 12 p 2 Se ^ k{x 2 _ i) ( ~ 96 ^ + P*st s K mB\ 2 + P 2 (x 2 - 1) \E\ 2 + 

24(x 2 - l)Re(BC*) + /3 2 (x 2 - l) 2 Re(FE*))) (44) 



Re(AZr) = — 1 r == (-48b 1 21 + p 3 Vx^Ts e s K 

12 psiS K \/ x l — 1 v 

((x 2 - l)(3Re(C£*) - Re(BF*)) + 2xRe(BE*))) (45) 

With the values of 4> c and |C| already obtained, Re(-BC*) and Re(Ci?*) are also expressed 
in terms of observables. We finally have after solving Eqs. (44) and (45): 



sin 



1 / COS (j)E - S COS (f) B \ ^ 

yi + ^-2^cos(0 B -0 £ r 

\A\ = Re{AB * ] (47) 
\B\ cos(0a - 0b) 



where, 

|S|Re(AE* 



|£|Re(AB*) 
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B. Time Integrated Differential Decay Rate 



The differential decay rate is 



Therefore, 



BX 

dT = 2 i5^6 M 3 \ M ? ds t ds K dcos9 e dcos9 K d(p . (48) 



dV 3X 2 



dsn dsK dcosOg dcos9 K d<p 2 15 7r 6 M| 
The physical regions of the angular variables are 



\M\ 2 (49) 



< (j) < 2tt, - 1 < cos 9 K < 1 and - 1 < cos 9 e < 1 , (50) 

and S£ and sk are integrated over the relevant resonances. We derive the one-dimensional an- 
gular distributions dT/(dsg dsx dcosOg), dT/(ds£ dsx dcos9 K ), and dT/(ds£ dsx d(p) from 
the differential decay rate. These distributions as well as the other observables extracted by 
the angular analysis, depend on different combinations of the co-efficients a^ n and \P mn - 



1. Decay rate as a function of cos 9k 



A K - 



Integrating the Eq. (21) over cos^ and we obtain 

dT pXG^ op 1 An 

di e ds K d cos 9 K = W%T {3a °° - a °*> + (3a ^ ~ a ° l} C ° S 9k + (3a ° 2 " °° 2) C ° S 29k 
+ (3a° 03 - a° 23 ) cos 36 K + (3a° m - a° 4 ) cos A9 K } (51) 

Now we define the forward-backward(FB) asymmetry in Kir system 

Jo 1 — 3 3 -^-dcos9 K - / - — —dcos9 K 

dsi dsx dcos9 K J-i dsj dsx dcos9 K 

h ~a — a a a~ cos 0K + / 1 — a a T d cos ° K 

dse dsx dcos9K J-i dse dsx dcos9x 

jj 3( Q Ql ~ Q Q3) + a 23 ~ a 21 

2 4oa° 00 - 15 « + a° 20 ) - 3a° m + oa° 22 + a° 24 
+ (52) 

This is not vanishing due to the presence of cos9 K and cos3#x- These terms are present 
due to interference between 'vector and scalar' as well as between 'vector and tensor' mesons 
contributions as intermediate states. However, the forward-backward asymmetry vanishes 
in each of the B — > J/^pS, B — > J/ipV and B — > J/ipT decay modes. 
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2. Decay rate as a function of cos 0£ 



Integrating the Eq. (21) over cos 9k and we obtain 

dY j3XG 2 F a 2 47r nK 

ds e ds K d cos 9 1 ~ 2W| 15 1 00 02 ~ ° 04 

+ (15a% - 5a° 2 - a° 4 ) cos 29 e } (53) 

It is easy to see that the forward-backward(FB) asymmetry in the £~£ + system vanishes, i.e. 
A FB = 0. The absence term odd in cos 6^ is connected with the fact that the system 
is in a pure L — 1 state. As a consequence, the forward-backward(FB) asymmetry in the 
system vanishes. 



3. Decay rate as a function of 

Finally, the distribution in the angle between the lepton and meson planes, after inte- 
gration of the Eq. (21) over cos9 e and cos9 k , we obtain 

j3XG p>CX 4, q i r / \ r oO 

ds e ds K d<\> = 2^871^1 45 | 5a °° ~ 5(a ° 2 + ^ + 5 ° 22 " 6%4 + ° 24 
+ (45aQ — 15(aQ 2 + a 20 ) + 5a 22 — 3oq 4 + a 24 ) cos 20 

+ (45aQ — 15(a 02 + a 20 ) + 5a 22 — 3oq 4 + a 24 ) sin 20} (54) 

The presence of sin 20 term is a clean signal of CP violation in the distribution in the 
decay process. 



C. Time Dependent Differential decay rate and measurement of (3 

In this subsection we demonstrate how a clean measurement of sin 2/3 can be performed 
using one of the partial wave contributing to B — > J/0 1^(1430). For this purpose we use 
the CP-even partial waves contributing to B — > J/0 if 2 ( 1430). In Sec. IIIA we showed \G\ 2 
can be extracted using the measurements of coefficients a° 4 , a 24 , a^ 4 . Here, we derive an 
angular and time-dependent asymmetry that cleanly measures sin 2/3, without the need for a 
complete solutions to all the contributing form factors. It is straight forward to see that the 
coefficient of time dependent sin(AMt) term corresponding to Oq 4 , a 24 and (Zq 4 of Table I, II 
and III can be obtained by the replacement \G\ 2 — > \G\ 2 sm2{3. A time dependent angular 
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analysis can be performed to isolate the sin(AMt) term to a{j 4 , a° 4 , ag 4 . An asymmetry 
that isolates such a term is given by: 

A C p sin(AMt) = — — — =— x 

/ dcos9 K dcos9 e d(f>{- — — —J 

J-i J -i Jo ^dcosOe dcosO K d<p J 

, p pi p2tt p p p2tv 

( / d cos 9k d cos 9e d<p + Id cos Ok I d cos 9g d<p + 
Wp J-i Jo Jp Jt Jo 

I <w K f dcose, I #)( / (r ' i '" f ' t) ' ) ■ (55) 

Jp J-i Jq ' K d cos Ui d cos 6^ dip ' 

where, 

/ dcos** = (/ f -^ ¥ + /J-/J + /j(-sin^)^ (56) 

5 5 5 5 

7T 2 7T 

dcos^ = (fj -fj + Jj(-sm9 e )dO e , (57) 

= < 58 > 

In Eq. (55) integrals over the relevent range for and are implicit. Using Eqns. (21) 
and (22) Table I-V, we see that 

A CP = K sin 2/5 , (59) 

where 

7£ 4 Qq 4 + Qq4 + a°4 (60) 

45a{] - 15(a° 2 + a° 20 ) - 3ag 4 + 5a§ 2 + < ' 

itself be obtained directly from experimental data by an analogous asymmetry using 
itegrated partial decay rates as follows: 



7Z can 
time integrated 



7? - i x 

/ dcosO K dcosO e d(f)(- — — — ) 

J-i J -i Jo K d cos 9i d cos 9 K d<p> 

Od cos 9 k I d cos 9e d<p + Id cos 9 K Id cos 9p I 
p J-i Jo Jp Jt Jo 

p pi p . . AT* 



+ 



f d cos 9 K C dcosO e [ <ty)(- f — ) . (61) 

Jp J-i Jq ' K d cos9ed cos 0Kd<p ' 

We can thus obtain a clean measurement of sin(2/3) using the CP-even part of the mode B — > 
J/0 i^l (1430) alone, without any contributions from the decay modes B — > J/ipK^ (1430) or 
5 -> J/0 if* (1410). 
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IV. CONCLUSION 



We have studied how an angular analysis can be used to isolate contributions from each 
of the decay modes B -> J/ipK*(U30), B -> J/ipK*(U10) and B -> J/0 i£J (1430), where 
i^o(1430), X*(1410) and 1^2(1430) are overlapping and contribute to the same final state 
B — > Kn£ + £~ . Angular analysis also allows us to isolate the contributions from different 
partial waves contributing to the each of these final states. We have studied the time 
integrated differential decay rate and derived explicit solutions to both the magnitudes 
and the phases of the form factors contributing. We showed that the forward-backward(FB) 
asymmetry in £ + £~ system vanishes, since the £~£ + system is in a pure L — 1 state. We have 
also studied the forward-backward(FB) asymmetry in Kix system; such terms are present 
due to interference between contributions from vector and scalar, as well as between vector 
and tensor intermediate states. We also construct a time dependent angular asymmetry that 
enables a clean measurement of the mixing phase f3 in the mode B — > J/0 1^2(1430) alone, 
without contributions from the decay modes B -> J/ipK^ (1430) or B -> J/i/jK* (1410). The 
study performed here finds immediate application in the analysis of data collected by the 
Belle and BaBar collaborations. 
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VI. APPENDIX 



a 00 


2^ ^ ^((576|A| 2 (x 2 - 1) + 144 (|5| 2 (2x 2 + 3) + (x 2 - 1) (3|D| 2 + 2\C\ 2 (x 2 - l)))/? 2 
+{x 2 - 1) (|£| 2 (27 + 22x 2 ) + (x 2 - 1)(27 |G| 2 + 22 |F| 2 (x 2 - l)))/? 4 

+ll(x 2 - 1)I3 2 Re(F £*)))) 


agi 


— pVx 2 - 1 s e s K ( - 48x Re(4 5*) - 48(x 2 - 1) Re(4 C*) + /3 2 (10x(x 2 - 1) Re(5 F*) 
-|-(iux -+■ y j xxe^-D £/ j + ^x — i j (iu(^x — ij itei^o j -t- iux ite^o Hi ) -+■ y ite^A/ <_r j j j i 


a 02 


l/? 2 s , SK (6|I?| 2 (2x 2 - 3) + (x 2 - 1)(-18|D| 2 + 12|C| 2 (x 2 - 1) 

+ (J-C/ 1 x + |.r | (x — IJ J p J — lZ(x — l J JXe^yi _r J + zx^x — l J ^— o xte(/i -& ) 

+12 Re(5 C*) + (x 2 - 1)I3 2 Re(F £*))) 


a 03 


^- /3 3 s £ Vx 2 - 1 (2x(x 2 - 1) Re(B F*) + (2x 2 - 3) Re(B E*) 
+(x 2 - l)(2(x 2 - l)Re(CI>*) +2xRe(C£*) - 3Re(D G*))) 


a 04 


P 4 s iSK (x 2 - l)(|£| 2 (2x 2 - 3) + (x 2 - 1)(-3|G| 2 + 2|F| 2 (x 2 - 1)) 
+4x(x 2 - l))Re(F£*)) 



TABLE I: Non- vanishing ag. 
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4, 2304 ^(V 576 ^ V - !) - 144(| J B| 2 (2x 2 - 1) + (x 2 - 1) (-^l 2 + 2|C| 2 (x 2 - l)))/3 2 
-(x 2 - 1) (|£| 2 (-9 + 22x 2 ) + (x 2 - l)(-9 |G| 2 + 22 |F| 2 (x 2 - l)))/3 4 
+4(x 2 - l)/? 2 (24(x 2 - 1) Re(A F*) + 24x( Re (A E*) - 6 Re(5 C*)) 

-llx(x 2 - l)p 2 Re(FE*))^ 

a° 21 —pVx 2 -I Si s^(48xRe(A£*) +48(x 2 - 1) Re(^ C*) + /3 2 (-10x(x 2 - l)Re(BF*) 

+(-10x 2 + 3)Re(BE*) - (x 2 - l)(10((x 2 - 1) Re(C D*) + 10xRe(C E*) - 3Re(L>G*)))) 

«22 ^ sx(6|i?| 2 (2x 2 + 1) + (x 2 - 1)(6\D\ 2 + 12|Cf(x 2 - 1) 

+(\E\ 2 x 2 + \F\ 2 (x 2 - l) 2 ) I3 2 ) - 12(x 2 - l) 2 Re(AF*) + 2x(x 2 - l)(-6Be(AE*) 
+12 Re(5 C*) + (x 2 - l)/3 2 Re(F £*))) 

°23 -i /3 3 s^s x A 2 - l(2x(x 2 - 1) Re(B F*) + {2x 2 + 1) Re(B E*) 
+(x 2 - l)(2(x 2 - l)Re(CL>*) + 2xRe(C£*) + Re(D G*))) 

° 24 "2^6 ^ ^ " 1 )(l £7 | 2 ( 2 ^ 2 + !) + " 1)CI<^| 2 + 2|F| 2 (x 2 - 1)) 
+4x(x 2 - l))Re(F£*)) 

TABLE II: Non- vanishing a% n 
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2 
a 00 



2 

a 01 



2 
a 02 



2 
a 03 



2 
a 04 



l 20 



all 



l 22 



l 23 



2 
a 24 



^ /? 2 s, S *(-16|B| 2 + (x 2 - l)(16|i^| 2 - (|£| 2 - |G| 2 (x 2 - 1)) /3 2 )) 



^ /3 3 s, 8K y/{a?-l)(- Re(BE*) + (x 2 - 1) Re(DG*)) 
±fs e s K (\B\ 2 -(x 2 -l)\D\ 2 ) 



~lv>. ^ Se s Ky/(x 2 -l)(- MBE*) + (x 2 - 1) Re(DG*)) 
/?%^(x 2 -l)(|i?| 2 -|G| 2 (x 2 -l)) 



32 
1 



256 
1 



^ /3 2 „ ^(-16|5| 2 + (x 2 - 1)(16|J^| 2 - (\E\ 2 - |G| 2 (x 2 - 1)) /3 2 )) 



— ^^(IBI 2 -^-!)!^ 2 ) 



^ /3 3 s, 8K y/{x*-l)(- Re(BE*) + (x 2 - 1) Re(-DG*)) 
-^/3 4 S ,^(x 2 -l)(|£;| 2 -|G| 2 (x 2 -l)) 



TABLE III: Non-vanishing a 2 m 
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4 
a 00 



«01 



4 
a 02 



*03 



4 

a 04 



*20 



'•21 



4 
a 22 



*23 



*24 



^ (3 2 s t s Ky /(x 2 -l)(l6 lm(BD*) + (x 2 - 1) (3 2 Im(EG" 
l -(ih iSK {x 2 - l)(lm(BG*) - Im(M*)) 



32 

1 



|/3 2 s<aA-V(^ 2 -l)M^*) 
-^/? 3 S ,^(x 2 - l)(lm(BG*) - lm(DE*j) 



32 



^ f3 2 s e SKy /(x 2 -l)(l6 Jm(BD*) + (x 2 - 1) (3 2 Im(EG*)) 
L/^^x 2 - l)(lm(BG*) - Im(L>£*)) 

2 s e s Ky /{x 2 -l)Im(BD*) 
-^P 3 s e s K (x 2 - l)(lm(BG*) - Im(D£*)) 



^g^ SA: (x 2 -l) 3 / 2 Im(^) 



TABLE IV: Non-vanishing a: 



4 

mn 
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b li ^P s i s K\/(x 2 - l)(-24Re(AB*) -/? 2 ((x 2 - 1) Re(BF*) + 2x Re(BE*) 
48 " ^ 

+3(x 2 - l)Re(C£*))) 

b\ 2 P 2 se sk (2A\B\ 2 x + \E\ 2 x{x 2 - 1) /3 2 - 12(x 2 - 1) Re(AE*) 
+24(x 2 - 1) Re(fiC*) + (x 2 - l) 2 /3 2 Re(FE*fj 

623 16 ^ s ^\/( x2 ~ 1 )(( a;2 - X ) Re ( Bi? *) + 2xRe(££*) + (x 2 - 1) Re(C£*)) 

bL li P 4 se sk(x 2 - l)(\E\ 2 x + (x 2 - 1) Re(FE*)) 

TABLE V: Non-vanishing b x mn 



h \\ ^Ps £ s K (x 2 - 1)( - 24Im(AD*) + /3 2 (3xIm( J BG" t ) 
48 ^ 

+(x 2 - l)(3Im(CG*) + lm(DF*)) + xIm(DE*)fj 

b 3 22 ^ s Ky J(x 2 -l)( - 12(x 2 - 1) Im(AG*) + 24xIm(£L>*) 
+(x 2 - l)(24Im(CZ>*) + /3 2 ((x 2 - 1) Im(FG*) + xIm(£G*)))) 

623 iqF* 8 * 8 ^ - l)(^ImOBG*) + (x 2 - l)(Im(CG*) -lm(DF*)) - xlm(DE^ 

bli ^P 4 s e s K {x 2 - l) 3 / 2 ((x 2 - l)lm(FG*)+xlm{EG*) 

TABLE VI: Non-vanishing 6 3 nn 
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